Abstract.
Introduction
As reported by many groups [I-3, 7 , 81, antifirro-/ferro-magnetic layered films, such as fcc FeMn/Ni,Fe and Fe203/Ni3Fe, exhibit an asymmetric hysteresis loop of magnetization at room temperature. This phenomenon is considered to be similar to the exhange anisotropy well-known in the Co-COO complex particle [4] or in the two phase alloys such as NiMn alloys [5] . However, the loop shift of the order of 10 Oe for layered films is largely different from that of 1-10 kOe for the usual exchange anisotropy systems. This suggests that a certain domain wall motion plays an important role in the layered films, contrary to the spin rotation which is dominant in the Co-COO or NiMn system. The present investigation aims to study the domain contribution in the FeMn/Ni,Fe layered films, with particular attention to the effect of layer thickness, Fe-Mn composition and field-cooling condition on the loop shift and coercivity. We examine the synthesis conditions in obtainning suitable properties important for device applications as well.
to the loop center He, and the coercivity as a half of the loop width, H,. The sign of He observed is always opposite to the sign of the magnetic field applied during the field cooling, i.e., the specimen has an unidirectional anisotropy. The magnitude of He depends on the temperature where field-cooling starts, but it does not depend much on the cooling rate.
He and H, are nearly independent of FeMn layer thickness. While, they are strongly dependent of NiFe !ayer thickness as shown in figure 1 . H, and He can be approximately expressed with the inverse proportion to NiFe thickness. This relation implies that the domain wall pinning forces in NiFe layer are mostly located near the interface region between FeMn and NiFe layers. (Note that this is based on the assumption that the loop shift is associated with asymmetric wall pinning forces, as discuss later).
Experimental procedure
Double layered films consisting of antiferromagnetic fcc Feloo-,Mn, layer and ferromagnetic fcc NisoFe2o layer, where x = 31, 38, 42 and 50 at% , were synthe- deposited and then followed by the FeMn deposition.
Ni Fe Thickness (A)
The obtained films were field cooled from various tem- Fig. 1 .
-H, and He vs. NiFe layer thickness peratures. Measurements were made of the room tem-for Fe54Mn46 (250 A) / Nis2Fels layered films field-cooled perature magnetizations using a B-H loop tracer.
from 250 OC to room temperature.
Results and discussion Figure 2 shows the effect of field cooling temperature The hysteresis loops of field cooled specimens are on He. For this experiment, the specimen was initially nearly rectangular and shifted totaly along the H-axis cooled from 250 OC to room temperature in a field and from the origin on the M-H coordinate. We define then the He was measured at room temperature (the the loop shift value as a magnetic field corresponding obtained He was plotted with the mark (*) in Fig. 2) . hysteresis loop is attributed to the antiferromagnetism of FeMn layer. Probably, the unidirectional exchange coupling between antiferromagnetic FeMn and ferromagnetic NiFe layers is the origin. However, the contribution of magnetic domains in NiFe layer must be taken into account for the reasonable interpretation of the observed small values of He. That is, supposed that the walls are pinned at the interface of layers by pinning forces which are different unidirectionally along the field-cooling direction due to the interface exchange interaction, two different coercivities with small values appear owing to the movement of these walls; the coercivity is small in magnetizing along the field-cooling direction but large along the opposite direction. As the result, a loop shift appears with He which is an average of the two coercivities. The inverse proportion of He and H, to NiFe layer thickness ( Fig. 1) is consistent with the above speculation.
The lower temperature change in He, which occurs at very low temperatures far from the NBel point as demonstrated in figure 2, may be due to a local distribution of the wall pinning forces, or, the unidirectional exchange coupling distribution as suggested by Hempstead et al. [I] and Malozemoff [Z]. We have found a fairly large inducement of He even from room temperature to liquid nitrogen temperature. The compositional fluctuation due to interface diffusion is thought to be responsible for such a wide distribution in the coupling constant.
In conclusion, we remark that 1) asymmetric domain-wall-pinning forces must be taken into account for fully understanding the asymmetric loop in FeMn/NiFe layered films, and 2) the loop properties, H, and He can be controlled by NiFe thickness, FeMn composition and field-cooling condition.
